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ABSTRACT

Coa Combustion industries in North Americawill have to reduce emissions of Mercury
and CO; inthe next 10 to 15 yearsin response to public, government, and internationa
concern over climate change. The effects of previous emisson reduction technology for
NOx and SOx, have resulted in increased levels of unburnt carbon and ammoniain the fly
ash, presenting problems for use in concrete. The history of CCP use since 1999, (Table
1) has been poor availability of qudity fly ash (<4%C, No Ammonia).

The American Cod Ash Association (ACAA) and the Canadian Indusiries Recycling
Cod Ash (CIRCA) represent the CCP industry in their respective economies and both are
active in promoting the increased use of CCP.

The CCP Industry is concerned how legiddtive changesin Air Emissons might impact
the economic viability of eectric power plants, Power Plant solid waste, and preserve the
view that CCP is not a hazardous materid. All stakeholders are concerned that the
changes mest the desires of its members for the reduction of CO, and Mercury, and
politics as dways isin the middle. Potentia for increased CCP replacement to offset CO,
emission in Portland Cement production is looked a aswell.

The paper reviews how regulations have contributed to trendsin CCP production and
changes in Engineering have increased demand and use. The Strategies CIRCA and
ACAA have used to increase CCP use are discussed. The paper concludes with an
overview of technologies available to the CCP industry dedling with the changes new
legidation will bring to CCP production, thereby maintaining current uses of CCP,
increasing use in other products, and provide the potentia for CO, creditscriticaly
needed by the dectric utility plant producers of CCP, and the Portland cement industry.

Keywords: ACAA, CIRCA, cement, CO2, emissions, concrete, fly ash, greenhouse gas,
and supplementary cementing materials.



Introduction: CCP Production and Use (Supply ver sus Demand)

The objective of the CCP industry in North Americais to increase the utilization and
therefore avoid of landfill. The annua production of al CCPis 7.2 M tonnes® in Canada
(Fig. 1), and 98.2 M tonnes? in the US (Fig. 3). The average percentage CCP use in 2000
for Canadais 22%" (Table 2) and the United States is 35%'. ACAA and CIRCA must
establish new goasto for usein 10 years. If 50 % were established, thiswould fals
behind the experience in Europe, where dataindicates 87%° of dl CCPis used (Fig. 2).

The pesk CCP utilization occurred in 1999. The impact of Low Nox Burner ingalation
on ash qudity with the doubling of unburnt carbon in fly ash, removed many ash sources
from the market. High carbon ash cannot be used to replace Portland cement, asthe
chemicals used for entrainment are absorbed.

CCPsare agroup of products including Fly ash, Bottom Ash, and Synthetic Gypsum. Hy
Ashisthe very light and fine materia remaining after pulverized cod is burned. Perfectly
round glass spheres physicaly describes fly ash and are key to its vaue. Composition
comprises oxides of Aluminium, Iron, and Silica. Collectionis from the boiler exhaust
gases as they pass through eectrodtatic precipitators, and fal into hoppers.

Bottom Ash issized smilar to sand, and fals by gravity to the boiler bottom and
collected either in dry or wet bottoms. This materid is used as raw feed for Portland
cement production. Chemicaly these two materids are smilar. CCP comprises by
volume an average of 10% of the cod fuel dthough this varies depending on the source
of cod. There are various uses for CCP, such as fly ash replacement for Portland cement
in concrete mixes, raw materid in the manufacture of Portland cement, fillers for various
products, engineered compacted fillsin highway congruction, mine backfill, flowable
fills etc.

The newest materiad considered a CCP, is synthetic gypsum. Since 1978 Forced oxidation
(FO) as gpplied to wet lime/ limestone flue gas desulphurisation (FGD) technology, has
been employed in North America. Synthetic gypsum can replace naturaly mined

gypsum. Since then 20 power plants have FGD operations congtituting goproximeately
20,000 MW* of scrubbed generating capacity.

Synthetic gypsum has become a very important source of materid for production of
Walboard, and as a set retarder for cement mix desgns. Some relevant gpproximate
parameters are removing 1 tonne of SO requires 1 tonne of lime (CaO), produces 6
tonnes of gypsum dudge with 50% solids.

Trends: The US (short) story on how Environmental rules effect fly ash

The staged implementation of Emission Reduction Legidation lead to the introduction of
technol ogies sarting with the retrofitting of older boilers, and new congtruction with Low
Nox burners, followed by Selective Cataytic Reactors (SCR), and FGD Scrubbers. The
potentia for new emission reduction legidation in Mercury and CO,, will impact CCP
materids elther by the technology of injecting activated carbon to scrub flue gas of
mercury, or fud switching from Cod to Naturd gas. The supply of fly ash with less than



4 % residua unburnt carbon for ready mixed concrete has fallen since 1999, duein part
to low Nox burner ingalation.

In the US, the Senate Environment and Public Works Committee, and the Bush
adminigtration have drafted legidation. The EPA is expected to release areport in
January 2002, that will give power plants more leeway in meeting air pollution
standards.® The agency has been working on an overhaul of the Clean Air Act’s new
source review provisons, which require indudtrid facilitiesto ingal expensve pollution
control technology when they replace mgor plant modifications that increase emissons.
Industry complainsthat the rules are so dtrict it is hard to expand capacity and indall
technology to boost energy efficiency. The new source review requirements are felt to be
S0 drict that they include routine maintenance.

In May of 2001, the Bush Adminidtration directed the EPA to conduct an examination of
the impact of the program on investment in new capacity for industrid eectrica or
refinery condruction, energy efficiency and environmenta protection.

“Theintegration of SCR as part of amulti pollutant control strategy is anecessity.” Says
Robert Mcllvaine. “It istoo cogtly to treat each pollutant separately”. The effect of SCR
on converting eemental mercury to a more soluble compound is one of the subjects
closdly followed by this consultant.

In an article Clean Air Act Overhaul Schedule for Later This Month®, Sources familiar
with the report say the revised program will alow plant ownersto set an emissons
threshold above which they would be required to ingtdl pollution control equipment.

Trends: The Canadian Story and Other Factor s affecting Quality

In Canada, Environment Canada has proposed new air and solid waste regulations, which
could present barriers to increased CCP use. EPA determinations made in a 2001 review,
where CCP was considered a norn+hazardous materia, and said to have been
demondtrated suitable for soil amendment. The Canadian Transportation of Dangerous
Goods Regulation (TDGR) is to be revised and transferred from the Transportation
Ministry to the Environment department. Part of the review will determine how CCP will
be regulated, as a hazardous materia or in abeneficid use category. Regulation overview
will as aresult extend from production to end use.

Similar to work done by the ACAA in lobbying the EPA over its consderations, CIRCA
has been in contact with the Environment officids providing information clearly
characterizing what the CCP produced in Canada are in terms of metals contained and
potentia for leachate. CIRCA is studying the leachate from materid bonded in concrete
to also demongtrate the exact level of risk this poses.

A third area of government overview is a codition of Eastern Governors, and Atlantic
Premiers, who meet each year to set bi-laterd environmental accords. In June of 2001,
the agreements reached include the reduction of Mercury and CO», beyond levels
considered at the Federd level. The concern developed in this eastern part of North
Americaisdueto prevailing eastern winds, location of industry concentrated to the west,
and the resultant pollution occurring over densaly populated aress, in some cases

equal to the entire population of Canada.



While air emisson regulations do effect the CCP produced, with higher carbonand
ammonia content, there is additiona pressure from Solid Waste Regulations in both
economies, with increased regtrictions for the landfill of CCP, and inter and intra Sate
and provincid movements. Areas of high population make landfill very expengve, and
recently one utility was recently forced to divert CCP from aloca landfill to a 12 hour
round trip away.

Deregulation of the eectric power industry, has influenced CCP, where the shift from a
centra management in head offices, to the individua plants been considered profit
centres. Plant managers are now responsible for dally efforts to keep plant costs down
and face tipping fees up to $35 USD per tonne.

Trends. How the Mississippi figuresinto the CCP story

The geography of North America affects the production and regional market demands for
CCP. Thedividing lineisthe Mississppi River that runs north to south, from the
Canadian border, through the United States to the Gulf of Mexico. The cod's produced on
the east differ from those to the west, producing CCP with different amounts of Cacium
oxide (Ca0). To thewes, fly ash is high (20%) in CaO, while those to the east are less
than 10%.

Fortune provides the eastern market with this supply of low CaO to match Alkdine
agoregates. Alkaline aggregate reaction (AAR) is very much an everyday concern for the
Ready Mixed Concrete industry. Cement mix designs, epecidly for the High
Performance Concretes (HPC), demand fly ash, to prevent AAR reactions that lead to
cracking of structures.

Hy ash provides many benefits for the placing of concrete, including easier pumping,
flow into forms, prevention of segregation in the mix, and lower heat of hydration. The
finished product has many benefits with fly ash, such asincreased compressive and
tendle strength, lower permegbility, and prevention of the aforementioned AAR.

Public infragtructure in the east has origind structures without fly ash, faling due to

AAR, and chloride penetration from road sdt, causing reinforcing sted rebar to rust. The
result is a cracked structure and loss of strength. Canada budgeted $2.65 Billion in 2000
for infragtructure renewdl.

New mix designs are without exception HPC mix designs with fly ash. The replacement
of failed structures, and new mega projects, such asthe Boston Central Arterid job,
combined with the rapid decline in supply of qudlity fly ash, causes great concern for
designers.

Highway road congtruction traditionally uses asphdt as the road bed materid. The
replacement of these surfaces every 3to 5 yearsfor every kilometre of highway,
compares poorly to those with concrete solutions twice the life. Increased dependence
upon heavy trangport for goods and services leaves many sections failing within one year.
Asphdlt roads have ahigher ralling resstance for heavy traffic, resulting in a 10%
increasein fud consumption, when compared to concrete construction. Less pollution,



and dependence on imports of oil would be the benefit. Vehicles produce 1/3 of dl GHG
in North America

Trends: Industry practices supporting increased CCP use

Homes in Canada and the US has seen increased Insulated concrete form (1CF),
congtruction replace the traditional wood frame congtruction. The Portland Cement
Association (PCA) reports, 40% less operating energy for ICF versus wood frame. PCA
estimates | CF will have 12% of the housing construction market in Canada by 2010.
GHGs reduction could result in 6.8 - 10.9 million tonnes per year.

A US Industry study? forecast for 2001 to 2010, indicate fly ash, will lead minerd
additives growth. “Hy Ash, long used e sewhere in the world as an additive to or partid
replacement for cement, is expected to continue its penetration of the US market, as
contractors avail themsdlves of the performance benefits of fly ash use coupled with its
low cogt.” The competing supplementary cementitious material (SCM), blast furnace
dag, is"“expected to register subpar growth, with value gains held down by flat pricing
outlooks.”

Minera Spotlight reported in May 20007, that strong demand from the construction
industry has seen record levels of gypsum production and consumption, and the
commencement of new wallboard facilities. The Gypsum association reported that
wallboard demand has risen 5% per year on average for over 10 years. In both the US and
Canadain 1999, a demand boom saw US Gypsum ration wallboard to customers and
issUe a letter to customers explaining reasons for wallboard shortages.

In the US, seventeen (17) large wallboard plants, have been constructed or are under
congtruction snce 1998, and the mgority are designed to use only synthetic gypsum. This
is due to the sgnificant cost advantage of synthetic gypsum over mined gypsum. The
current consumption of synthetic gypsum is only 10% of total demand, while Jgpan leads
the world with 65% of supply. Current production of synthetic gypsum is 6.3 M tly (US),
and 0.6 M tly. (Canada).

In 1999, US Gypsum consumption was about 31.8 M tonnes, about 72%2, which
according to Merrill Lynch was used to produce wallboard. A further 16% is used to
produce Portland cement, while other uses, including agriculture, smelting, glassmaking,
account for the remaining 12%4°. The shortfall in domestic production is made up of
imports of crude gypsum. Canada provides 68%° of imports to the east, while Mexico
provides 23% to the west, and the remainder from Spain (8%)°.

Trends: Portland cement production and avoidance of CO»

Approximately half of the world's 60,000 M ft? wallboard capacity is located in the US,
according to United States Geographic Service (USGS) estimates. Demand from housing
markets saw North American wallboard plants operating at 98% of capacity in 1999, as
demand caught up with supply.

US production topped 29,000 M ft? a 7.7 % increase over 1998's 27,000 M ft? , while
Canadian manufacturers shipped amost 30% of their production to the US, and saw a
10% increase in salesto 3.88 M ft% in 1999°,



Cement production (1999) in the US was 86 M tonnes, and 12.6 M tonnesin Canada.
Projections are 114 M tonnes and 18 M tonnes for each economy respectively by 2010.
The increase in production from 1990 to 2012 is estimated as over 59%.
Environmentalists are concerned over the impact of cement powder production of CO; ,
and its potentia contribution to Green house gases (GHG).

Under Kyoto, the developed economies will have to reduce their GHG emissionsto 5.2%
below 1990 levelsin the first commitment period of 2008 to 2012. The reduction target
for the USis 7% below 1990, and Canadais 6%. If the emission reduction targets were
spread evenly over al economic sectorsin the Annex | economies, the cement industries
in each would have to reduce their GHG emissions by the same amount as the gpplicable
national commitment. For example, the US cement industry would have to reduce its CO,
emission in the first budget period 2008 to 2012 to 7 % below the 1990 level. The cement
industry in Canada has had a very strong average growth in production in the years 1990
t0 1999. Should the growth continue Canada would be 75% above 1990 levels.'°

Current cement production technology does not dlow for reductionsin CO, with
increased production to match the reductions in emissions required to meet the targets.
Ausdtrdia adopted strategies to reduce its CO- release per tonne of cement produced by
11% since 1990, while the tota cement industry in the same period reduced its footprint
by 4%. Thereisroom for increased efficiency in reducing the average fuel consumption
per tonne of clinker. Supplementary cementitious materials now replace about 20% of the
clinker in cement in this economy. The use of minerd additionsin generd purpose and
blended cements is expected to double over the next few years.

Trends. Where doesfly ash fit in the Portland cement CO- reduction strategy?

In Canada, average energy efficiency for Portland cement production is nearly optimized
with only one wet plant till in operation. The cement industry has committed itsdlf to
reduce CO2 emissions per metric tonne of cement produced in 2000 by 4.5% from 1990
levels 10 . The estimated average clinker content in cement is 92% 10 . The industry has
committed to increased use of SCMsin blended cement, and to support increased
replacement of Portland cement in concrete. CO2 emissions per tonne of cement are
estimated &t .85 tonnes.

Inthe US, average energy efficiency and estimated CO, emissons are higher than

Canada. The production from wet plants represents 22% of total US production in 1999.1°
Fly Ashisegimated as replacing 8% of cement in concrete, and 1% of total cement
consumption are due to blended cements in 1999. The American Portland Cement
Asociation (APCA) isin the process of setting an industry target for reducing CO;
emissions. CO, emissions per tonne of cement are estimated a 1.0 tonnes.™®

The potential Portland cement replacement levels for the US and Canada could see,
choosing an arbitrary 20% replacement leve, resultsin 17.2 and 2.6 M tonnes
replacement. Thiswould result in afly ash utilization of 60% and 43% of current
production respectively. The cement industry offset for CO, emission avoidance would
therefore be 22% and 20% respectively. The potentia for replacement lies between how
much quaity materia can be economically transported, and the slo price for fly ash.



The stage is now set for the CCP industry to provide aquality materid. A product versus
a by-product, aconsstent supply, without effect from fluctuating plant unburnt carbon
levelsis needed. The producers now have the economic incentive to avoid landfill, and
they need CO,, credits, only available with the replacement of fly ash into concrete. The
cement industry needs to offset its forecasted increase in cement production with the
replacement with fly ash, or other SCMs. The CCP industry needs a consstent qudity fly
ash in order to redize this potentia. The technologies to beneficiate fly ash are available
today and next year new options are promising to be commerciaized.

Trends: How to remove carbon and ammonia from a finely divided material

There are severa carbon and ammoniaremova technologies available ether in
commercid or pilot stage operation. Some do both, while others do one, and not the
other. Cogtsto ingtal vary, operationa costs are worth comparing, and some provide no
waste stream, and others a ‘fud aternative'.

Categorizing the methods or technologies for fly ash beneficiation is as follows:

1. Carbon burnout

2. Microwave carbon burnout
3. Electrostatic separation

4. Particle separation

5. Carbon fixation

6. Ammoniafixation

7. Carbon floatation

Carbon burnout (CBO) is commercidized with the Progress materids CBO plantsin the
US. They have successfully operated and removed carbon and anmonia with heet
recovery. Dominion Ash in Canada has marketed a Microwave Carbon Burnout (MCB)
technology developed and pilot tested by EMR Microwave Technology Corporation over
the lagt two years. Commercidization is expected in Canadain late 2002.

Electrogatic separation is commercidized by ST in the US, and has successfully
produced quality ash, with a carbon rich waste stream. Ammoniafixation is possble as
an add on.

Particle separation has used been successful, but depends on having a consstent materia
dze and digribution to efficiently remove the rdatively coarse carbon particles. Air
classfication works very well if it finds the right fit. Ammoniaremovd isobvioudy a
needed add on.

Carbon fixation by 1SG is promigng, but is limited to materid meeting current maximum
carbon. Carbon and ammonia fixation while possible, have not competed studies of long-
term effects on concrete.

Microwave Carbon Burnout (M CB)
This process evolved from EMR technology developed for the mining industry. Carbon

content is a problem in ores, such as gold, where as little as 0.5 % carbon robs the fina
stages of 20% of the gold available. EMR was contracted to design and build a pilot plant



to demonstrate the effectiveness of microwaves to remove carbon. Carbon is a perfect
microwave energy receptor (See Diagram 1).

Near the end of this successful work, EMR engineers suggested cod fly ash for
development. The two materids are very smilar in size digtribution. Dominion was
contacted to help EMR develop the MCB technology for fly ash, which was successfully
done in 2000 (see Drawing 1).

Samples of fly ash from al over the world have been received and tested. Carbon
contentsin the fly ash ranged 2 to 27 %, has been successfully processed to a consistent
product, with as little carbon present as deemed desirable. Ammonia has been received at
over 2000 PPM and levels were reduced to undetectable.

In 2001 EMR and Dominion continued important environmenta testing to study the
disposition of metas during the MCB process, this has demongrated dl metas including
mercury, remain in the ash.

Emissons are very low in NOy, asthereis no fud source other than carbon. CO,
emissions from the combustion at the Power Plant and from MCB operation totd avery
small percentage of the CO, offset from Portland cement replacement. The carbonisa
perfect target for microwave energy, while the remaining materid isinvisble glass

particles.

Fly ash resdency timeisvery short (Iessthan 10 minutes), and so the throughput of
materid isvery fast. The MCB plant is very smal (15 x 18 M?), and economical to build
and more importantly very cheap to operate. Heset recovery is easly incorporated.

MCB designs are completed for 300, 000 tonne sizes, and use amodular design. This
alowsincreasing output 100% while the capital cost increases only 25%.

The first commercid plant is expected to break ground in Canadain 2002. It will be
capable of processing 300 tonnes per day, 7 days per week, 24 hours per day. Computer
control alows the operator to complete other work. Carbon levels can fluctuate over wide
ranges in a short period and the system adjusts automaticaly. The same can be said for
Ammoniaremovd.

Strategiesfor increasing the utilization of CCP

While efforts are directed to lobbying environmenta agencies, the main focus of short-
term strategy by the ACAA and CIRCA isto increasing the awareness for increased use
of CCP. For example reaching out to new graduates from Engineering programs,
communication efforts to reach sectors of the public, Industry designers and regulators,
and environmenta [obbyids.

CIRCA has placed a purchase order to the University of New Brunswick, for an
Education Module that will be Web based, and is amed at the senior Civil engineering
materid's course. Continuing education will aso be able to take advantage of this course.
The course module will be tested out this spring and made avalable to dl universties for
the fal of 2002.



The key messages to be sent out are that fly ash is a vauable engineering materid, not a
waste or by-product. It isasuperior SCM in its benefits and vaue.

The logigtics required for getting comparatively low vaue CCP materids to market isa
sgnificant problem area. Storage, rall rates, and trucking fud cogts are dl barriersto
avoiding landfill. Incressing the value of CCP before it leaves the production Site, is one
obvious solution to overcoming these aress.

Much of the emphasisin this paper has been for the replacement of Portland cement by
fly ash. It is recognized by our industry that this traditiona gpplication will not provide
the solution to complete landfill avoidance. Vaue added products such a Light Weight
Aggregates, and Non-traditiona gpplications will provide additional marketsfor the
balance of CCP.

ACAA and CIRCA grongly fed that any use of CCP must be effective, economical,
follow sound engineering, and be environmentally acceptable.
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' 'supports universities in R&'D efforts.

Innovations such as RCC, HPC, new
concrete pavement designs, housing
and waste management solutions are
based on solid R&D
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Gypsum in Wall board, and as a set
retarder for cement mixes
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together I|ke'y.east and bread
Fly Ash adds to this recipe.
Although it comprises only
15 to 50 % of the total cementitious
content, Fly Ash contributes to
increased strength, impermeability,
and resistance to Alkaline Aggregate
Reactive materials.
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e Allows the increased use of concrete in the construction of Public

roadways, reducing road friction and saving fuel by up to 10 %
and lowering emissions.
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. Lower maintenance requirements reduce congestion
and |d||ng traffic, resulting in cleaner air
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Solidification:

» Refers to changes in the physical
properties of a waste. The desired
changes usually include increased
compressive strength, decreased
permeability, and encapsulation of
hazardous constituents.

. Iandstoprduct b

- Fly Ash in Concrete manure  Stabilization:

Strc()eraegnet'i)ar?lcl)lplisa ér;‘]%roves « Refers to chemical changes of the

prleg ing hazardous constituents in a waste.

. Industry is working with The des_lred chan_ges mc_lude
strategic partners to converting constituents into a less
develop an energy smart soluble, less toxic form.

solution to agricultural
waste management



2. Environment Canada is receiving input on the
characterization of CCP produced in Canada
and its use, providing useful data for
understanding the environmental Impact
when deciding positions in legislation and
International agreements.
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e consider concrete, cement’s end product, when
measuring CO,
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« The CCP Industry is ready to add value to the
government’s initiatives by providing expertise,
cost-effective and environmentally sustainable
solutions.
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e Improved safety from better
visibility at night and superior
traction

e Contribute to economic
efficiency and productivity
through reduced fuel
consumption for heavy trucks
and no spring weight
restrictions




« Heavy trucks require up to 11% less fuel when driving on
concrete, a savings for the economy and the environment

e Almost 1/3 of all GHG comes from truck and car emissions
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livestock productlon increases - increased
manure waste

e Industry investing in R&D on concrete in waste
management solutions like biogas technology
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Fly ash:

Production

Lise

Percant usa

Bottom ash:

Productian

Liza

Percent usa

Bollar slag:

Production

Lisa

Percent use

FGD material: 1/

Production

Usa

Parcent use

21,700
1,504
5.06

22,800
1.980
8.67

22,700
2,260
10.00

22,300
4,030
18.10

23,300
4,380
18.80

Total CCP's:

Production

Lise

Percent usa

92,400
22,800
24.80

25,400
26,500
27.80

97,800
28,400
28.00

ar,1a0
30,000
30.80

98,200
28,600
28.10

1/ FGD, flue gas desulturization.

Sourca: American Coal Ash Association.




i

e

e

i

0 0

0 0

1] 0

20 0 0
Wallboard | 0 0 570 0 570
Other 4/ 46 5 0 0 51
Total usa| 1094 196] 570 0 1860

Individual use pe 2% 13% 135% 0% na
Cumulative use 22% 20% 27% 26% 26%]
Motes:

1/ Production of coal combustion products (CCPs) may include both dry and ponded categories.
2/ Usa (domestic) includes amounts imported (assumead to be HS codes 2621.00 relating to
fly ash, and HS 2520.10 relating to gypsum.
3 Cfb (circulating fluidized bed) fty ash and bottom ash,
4/ Includes waste stabilization and specialty uses such as mineral filler and flowable fill.
n.a., not applicabla; FGD, is synthatic gypsum derived from flue-gas desulphurization.

Sources:
Compiled by Matural Resources Canada (Minerals and Metals Sector), in coopearation with

the Canadian Electricity Association.

5 I{Rﬁf A

Date: Movemnber 501



Bottom Ash
26%

Fly Ash

72%




Bottom Ash
22%




Wallboard 100%




Mining applications
0%
Concrete/grout
0%

Cement
72%

C If‘@w

( ‘%iu

A



i
s

I(M!f A



Bottom Ash
16%




